Introduction
The reliability theory is a technological discipline closely related to the probability theory and mathematical statistics [1, 2, 3] . The data regarding the reliability of the products are obtained mainly through the following three methods: following the behavior of the products in real operation; during the laboratory tests; by using the data simulation through the Monte Carlo method. During the laboratory tests, we tried to emulate, as much as possible, the conditions in real operation, by reproducing the range of internal stresses, as well as the environmental stresses. The most important laboratory tests are the reliability tests [4, 5] .
Background on Reliability Test
The reliability tests have a great importance, aiming either to determine, either to check the reliability characteristic of a product, if this is established in a predictive way. The reliability tests are extremely necessary and they have a decisive role in
The testing methodology about to be used has a direct economical impact, because in every test the following terms intervene: the cost of the tested product; the total cost of the experiment; the time consumed for testing and for the statistical processing of the data resulted from testing. Therefore, the selection of a specific type of test is a managerial decision that has to be taken by a responsible authority. Also, in the follow-up of the results of the statistical processing, we will propose certain corrective technical and economical actions, aimed directly at the quality and reliability of the product in question [3, 6, 16, 17, 18, 19, 20] .
In order to realize reliability tests we must take into account the following aspects: a. A previously determined n number of products that will be subjected to testing.
b. A testing plan that includes the following aspects: the selection of stress parameters, which will determine the failure mechanisms specific to the product. 
 -the shape parameter of Weibull distribution;
 -the scale parameter of Weibull distribution;
B(x, n, p) -the binomial distribution, having the function of probability: T n/n -the duration of a complete test realized on a volume sample n;
T r/n -the duration of a censored test al level r, realized on volume n sample;
1-α -confidence level;
α -significance level; Q p, v1, v2 -the p quantile of the Fisher -Snedecor, with v 1 and v 2 degrees of freedom;
U=1-/2 -the index used to note the superior confidence limit; represents the value of the probability corresponding to the estimation of the superior limit of the testing duration, [%];
L=/2 -the index used to note the inferior confidence limits; represents the value of the probability corresponding to the estimation of the inferior limit of the testing duration, [%].
Review on the Calculus of the Testing Period
When using the Weibull distribution in the modeling of the products' reliability, these is estimated, in the majority of situations, on the basis of experimental results obtained following their testing on stands, using censored tests or complete tests. The organization and the process of reliability tests of the products represent 
The equation (1) gives mean values of the empirical distribution function. The mean values of the empirical distribution function can be obtained using:
for n>20 and:
The value of the duration of a reliability test censored at level r is obtained using the inverse function of distribution of the considered statistical model [4, 21, 22] : (5) in this case being the Weibull distribution. The equation (5) results from the logarithmation of the Weibull distribution function, written as follows:
-175 -We notice that after a series of algebraic calculations, the equation (7) can be written in the form of equation (5) . Also, in the equation (5), instead of F(t) we used the value determined by using one of the (1)  (4) relations. Thus we obtained mean or median values of the duration of testing. For complete test case in relations (1)  (4), parameter r is replaced by the value of the sample volume used n. Consequently, the objective of this paper is to present an estimation modality of the mean duration for censored and/or complete reliability tests, as well as of the confidence intervals for this duration. Knowing these values allows for the careful planning of the testing activities [4, 23, 24] .
Statistical Calculation Model
The value obtained for a reliability test doesn't offer important data regarding the real duration of a test, because the time of operation until failure of a tested product represents a random variable.
For this situation, a favorable solution consists is the determination of the confidence intervals of the duration of the test. These intervals contain the real value of the test, with a 1-α probability [25, 26] :
The calculation of the confidence intervals is realized in the conditions of a Bernoulli extraction (the scheme of the urn with returned balls). Thus, the median value of probability at which from n products subjected to testing, a number of r products fail, results as a solution to the equation [4, 27, 28] :
The difficulties in calculation which can occur solving the equation (9), depending on F Me , can be eliminated by using an approximate value:
The equation (10) represents the connecting relation that can be established between the binomial distribution and the Fisher-Snedecor distribution [4, 11, 26] .
Using the F Me solution, obtained by solving one of the (9) or (10) equations, along with to equation (5), leads to the obtaining of the duration of the reliability test. In fact, the equations (1)  (4) are nothing more than regression relations of the solutions of equation (9), for different combinations of the parameters n and r.
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A similar value of the F L and F U probabilities can be obtained by approximating the binomial distribution through the Fisher-Snedecor distribution:
For the case of the complete tests, in the calculation relations (10) and (15), (16) the parameter r is replaced with the value of the used sample volume n.
Simulation Study

Program Description
To verify the precision of reasoning and of the mathematic model proposed at point 2, we used the Monte Carlo simulation method. The method implies, in this case, generating a very high number of samples (N>>1000), that belong to a completely specified Weibull population, W(t,,). This database is then subjected to a statistical analysis that is aimed at the duration of a reliability test using a censored plan with the n and r parameters. For the development of this study we created a Mathcad calculus programme. The logical chart of this programme is presented in Figure 1 
Thus, we obtain a matrix with n x N dimensions, in which every column represents a reliability test. In order to determine the duration of censored tests at level r, the calculation program sets in ascending order the columns of the previously generated matrix.
Also, the r-th line of this matrix is extracted at the end. The N values contained in this line represent the simulated durations of the reliability tests (t r , i ). The calculation of the median and mean durations of the testing duration is made by determining the median and the mean of these values:
if N is even (18) if In the previous equations, we noted t (p) as the p quantile of the t variable. The determination of confidence limits for the duration of the tests is realized by determining the t L/100 and t U/100 quantiles of the truncation durations for the N simulated tests. The calculation method used for the determination of p quantiles applies the equation: (20) If the p·(n+1) expression doesn't generate an integer value, then for the determination of the p quantile we recommend the use of linear interpolation. We assume that, after the evaluation of the p·(n+1) expression, we find that the value of the t p quantile is included in the [t (k), t (k+1) ]. . To determine the value of the t p quantile, we use the relation:
For high volumes of sample (such is the case with the realized application), instead of the previous relation we can use equation (22) .
In equation (22), by t [p] we noted the integer part of the value of the expression between brackets.
Monte Carlo Simulation Data
To demonstrate the way of using the calculation methodology presented in the third point of this paper, we present further several case studies, determined for different values of the Weibull distribution parameters  and , as well as for different testing schemes n and r.
The solving of the equations (9), (11) and (12) was made using the specialized functions existent in Mathcad 14. The solving accuracy of these equations was established at 10 -15 . In parallel, we presented the values obtained by using the approximate relations (10), (15) and (16) .
The obtained F Me , F L și F U probabilities are then used to determine the median duration of the reliability test, eq. (5) and the limits of the confidence interval (1-
) for this duration (T L și T U ).
The values for these limits are obtained by using the equations (13) and (14) . The significance level was established at the value of  =10%. In Table 1 values for different combinations of the Weibull distribution's parameters and different censored testing plans, n/r are presented.
The accuracy of the obtained results, by using the proposed calculation methodology, was verified using the Monte Carlo simulation.
For this purpose we used the MathCAD 14 software, which is described at point 3.1. The calculus programme was run for the same combinations of values of the Weibull distribution's parameters, as in the previous case. Also, the number of simulations was established at the value N=10000 and the confidence interval 1- at 90%. Under these conditions, we determined the median values, the mean values and the confidence intervals for the testing duration. The results obtained by Monte Carlo numerical simulation are presented in Table 2 . The using mode of this method for the estimation of the durations of the complete and/or at r level censored reliability tests is presented in Figure 2 . 
Conclusions
Based on the results presented in Tables 1 and 2 , we will realize several comparative studies to show the correctness of the proposed calculus method. In Figure 3 the results of the median duration of a censored test at level r are presented, realized on a sample of n volume, on a graphical form for the case study β=1.5, η=50. The inferior and superior limits of the testing duration for the case study in question (β=1.5, η=50) are presented in Figures 4 and 5 . (10) and of the median value of the testing duration, eq. (5) 5. The calculation of the F L probability, eq. (15) and of the inferior limit if the testing duration, eq. (13) 6. The calculation of the F U probability, eq. (16) and of the superior limit of the testing duration, eq. (14) 3. The determination of the confidence level: 1- Figure 4 Limit inferior duration of a censored test level r, realized on sample size n (TL) Figure 5 Limit superior duration of a censored test level r, realized on sample size n (TU) The presented calculation model allows the obtaining of accurate estimated values, because the differences towards the simulated values are very small. If the number of simulations would grow, the resulting differences would be insignificant. The approximate relations (10), (15) and (16) lead to the obtaining of some values, which, at the results' display accuracy of 10 -3 , don't differ from the real values obtained through the equations (9), (11), (12) . Based on the presented results we found the significant reductions in time that can be made by using the censored testing plans.
Given the powerful competition on the industrial market, we can no longer imagine the realization of a product without a rigorous quality and reliability control of the product, based on different types of tests, in all the stages of the products' existence, from the raw materials being used, up to their use. In these types of tests, we put special emphasis on the reliability tests. The testing
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The proposed method of calculation has applicability in laboratories that are specialized in testing the materials or the products from different fields of use. These fields are given by the particular versatility of the Weibull distribution's model:
 the tear resistance, the corrosion resistance, the wear resistance, the fatigue resistance and the contact fatigue resistance of textile and metallic materials;
 the modeling of the materials properties: steels, titanium, semi-conductor materials, tungsten, ceramic, glass, plastic materials, porcelain, graphite, paper, textile fibers, composite materials;
 the modeling of the durability of mechanical components: bearings, engines, motor vehicles' structures, tools;
 the modeling of the functioning times of relays, passive electronic components (resistors and capacitors) and active electronic components (transistors, integrated circuits);
 the modeling of the life times of subsystems, made of identical component elements, in series connected and whose behaviour is described using the gamma distribution.
